in this paper, we consider the problem of nonregenerative two-way secure relay beamforming (SRB) for cognitive radio network (CRN) under the background of the simultaneous wireless information and power transfer (SWIPT). Our objective is to maximize sum rate under the transmit power constraint at the relay, energy harvesting (EH) constraint at the EH device and the interference constraint from secondary user (SU). The formulated problem is a nonconvex problem. We firstly propose a two-dimensional (2D) search scheme which provides an upper bound to the formulated problem; for decreasing the computation complexity, we propose a sequential parametric convex approximation (SPCA) based iteration scheme and obtain a local optimal solution. Simulation results have shown that SPCA based iteration scheme performs almost close to 2D search schemes, and has lower computation complexity.
INTRODUCTION
The need for the efficient use of the scarce spectrum in wireless applications has led to significant interest in the study of cognitive radio system. One possible scheme for the operation of the cognitive radio network is to allow the secondary users to transmit concurrently on the same frequency band as the primary users when the resulting interference power at the receivers is kept below the interference temperature limit [1] . The problem of secure transmission in the presence of an eavesdropper was first studied from an information-theoretic perspective in [2] where Wyner considered a wiretap channel model. Simultaneous wireless information and power transfer, which belongs to energy harvesting (EH) techniques, is a promising approach to solving the energy scarcity problem in energy-constrained wireless network. Motivated by the benefits of multi-antennas techniques, SWIPT for multipleinput-multiple-output (MIMO) and multiple-input-singleoutput (MISO) broadcast channels was investigated in [3] - [4] . The SWIPT schemes for two-way relay OFDM were studied in [5] . However, to the best of our knowledge, the research on secure relay beamforming in non-regenerative two-way relay cognitive radio networks is missing.
In this paper, the eavesdropper's CSI is perfect at the relay and the sources. In order to solve our formulated problem, we firstly propose a two-dimensional (2D) search scheme; however the computation complexity is high.
Motivated by decreasing the computation complexity, we propose a sequential parametric convex approximation (SPCA) based iteration scheme.
The organization of the paper is as follows. In the Section II, we present the system model of the two-way wiretap channel with one two-way relay node and one eavesdropper. In the Section III, two different schemes, 2D search scheme and SPCA based iteration schemes are investigated, respectively. In Section IV, simulations are taken to illustrate the performance of the two schemes. In Section V, we show the computational complexity of the two schemes that we propose, and finally, in Section VI conclude the paper.
Boldface lowercase and uppercase letters denote vectors and matrices, respectively. The conjugate, transpose, conjugate transpose, Frobenius norm and trace of the matrix 
II. SYSTEM MODEL
In this paper, we consider a dual-hop cognitive channel with two users source1 and source2, a primary user, an eavesdropper, an EH device and a relay. The nonregenerative relay typically adopts amplify-and-forward (AF) protocol. The two-way relay, equipped with Nantennas, is responsible to establish reliable and secure communications between source1 and source2, to transfer power to the EH receiver. Every node is equipped with single antenna except the relay. As shown in Fig. 1 .
All the terminals and two-way relay node are in halfduplex mode. We assume that there is no direct link between two sources and all the channels remain unchanged during one slot. Thus, the quasi-static channels are considered in this paper. 
The minimum transmit energy of relay can be expressed as [6]   
By using the equality (8) and (9) 
The minimum transmit energy of relay can be transformed as
The received signal at source1 and source2 can be expressed as The first term in (11) and the second term in (12) is the backward self-interference. We assume that each terminal knows both the channels associated itself with the relay nodes and the weighted coefficient matrix W . It can subtract the backward self-interference from itself and only obtain the desired information from the other one. After this operation, we can get (16) and (17)
From (15) and (16), the received signal-to-noise ratio (SNR) at Source1 and Source2 are 1
In the second phase, the harvest energy of EH device can be expressed as
denotes the channel response vector from relay to EH device. In both phases, the eavesdropper has chance to receive the information which has been transmitted from source1, source2 and two-way relay. The information can be expressed as [7] Since considering the normal working conditions of the relay equipment, we assume that the th P denotes the transmit power threshold at the relay.
The constraint of the EH device can be expressed as
Since considering the normal working conditions of the energy harvesting equipment, we assume that the th Q denotes the energy harvesting threshold at the EH device.
The constraint of the interference temperature at PU can be expressed as In this paper, we employ the underlay model of cognitive radio networks, namely, the interference of second user to the PU should lower than a threshold value th I .
According to [8] and [9] , th Q should be chosen such that 
III. SRB WITH THE EAVESDROPPER'S CSI
We assume that eavesdropper's CSI can be estimate at the two-way relay and the source1 and the source2, which is valid when the eavesdropper is active [10] . When the eavesdropper's CSI is available, we all works are to maximize (30) 
If problem (37) has an rank-one Q , (37) is equivalent to problem (36). Given If the optimal solution to (38) found by programming is not rank-one, we can utilize the Gaussian randomization method to find a sub-optimal solution [13] .
B. SPCA Based Iteration Scheme
In this section, we develop a lower complexity method to find a local optimal solution. According to [11] , the conclusion has shown that the SPCA based locally optimal solution performs close to upper bound. To solve (34), we transform it into an equivalent difference convex problem (DCP). It can be expressed as (37c)-(37d) We utilize the exact penalty method [13] to solve (44) and rewrite it 
where  is an enough large penalty factor. For problem (45) is equivalent to problem (42) when     0 [11] . We use the result of [14] . If we replace the non-convex terms with their convex upper bounds and iterative solve the resulting problem by judiciously updating the variables until convergence. we can obtain a local optimum of (45). We employ this method to replace (46) and (47) 12 11 D D  which are associated with the eigenvalues being no greater than zero. x is a randomly generated vector.
We solve the convex optimization problem base on SPCA iterative algorithm until convergence.
IV. COMPLEXITY ANALYSIS
From [11] , the computational complexity of 2D search scheme and SPCA based iteration scheme are
where The 1 L and 2 L is the number of 2D search scheme. L is the number of iterations of the SPCA based iteration scheme.
V. SIMULATION RESULTS
In this section, we will present the simulation results. First we assume that in the two-way relay network all the entries in the channel response vectors are i. i. d. Complex
Gaussian random variables with zero mean and unit variance. To solve the SDPs, we use the Matlab-based CVX optimization software. In all simulations, the transmit power of two sources are . It is observed from Fig. 3 that with the increase of N, the average sum rates of our proposed schemes increase.
VI. CONCLUSIONS
In this paper, we propose two schemes, 2D search scheme and SPCA based iteration scheme, to solve the problem of secure relay beamforming in the nonregenerative two-way relay cognitive radio networks when the eavesdropper's CSI is available. Simulation results have shown that SPCA based iteration scheme performs almost close to 2D search schemes, and has lower computation complexity.
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